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iS:<?) r c b m&4itlirr% *-iv> « . . 
o#.tr ab^if y^t, ^ 

ffKA^J RGB fi-Sf*» fcffll £ XSm$&L&W3L ■& 

i tmm 2 ] i setto-r uri^f soosgso 

m& *x «J§iBiJffllSBfc . miZAj] RGB ft-f-** £> fly f e*S 
>^-fi^££j£^SRGB^ff^f$£*U l> 

fst-rsx-f^7*i^>fiES()^ia<oii^MaiHi8s. % 

C m 3 ] f it 1 Xti 2 KlijtfOf* -<XTW Stoj 
fill *xflJ»Wffliani . huI£ ATI RGB fl-^*- **»fc 

lute-' *x ttHftlffiia'tt „ huISA* RGB h Xsbtz 

c it 5 ] ttm. 2nm4 ^^wcEt^f * 
Arte* -f w«<oaj* rg Bm*&mirmy 4 ->v k 
u 

fluie^ *x«»iw wst± i5 less * mz mm^sx-m^n 



m, 

[000 1] 

c o o 0 2 ] 

[^jft^sffi] o . mm.m.*:fto p d p^^s 

tlX ti 0 >, inci^t. JSBLh^iB* ^ ^t-'- ^ 

mfjvx-MknimiziMnw&mmzix. ftmz^ 

a«<?5|*lBfffc:«f-3JRfe-C*6#fe ( R ) » Hl-fe (G) 
( B ) wa3t»jWW|iSft.T*S 0 ; K5MI(=Ji 

j^-r a #a * t« : u-c w\ o ^ -c t tix v » * . — ^ 
c o o o 3 ] «iar±£<^n<iBife«?&ff o 

P D PcOfSmm-J.— VXCO— UlJS-|{iWSI2T'*> 

x. &%77 h 4^)<Mmiz&{i&?mmr£i -9- 

Xt^-Y >-»ra.i:m^ ) &fflW-t& Zttzi. 9 BflRoRNW 
^JlSrfi 1 a . 1 "^7*7 ^ ->U HJWHti. -e<7)^7*7 - 

C0004]^-^>T. PDPlcfcV>-CK5^f(./t + /7'7 -f 

^«bbitp d psjeaaraarrsoAt— mm 

HMBS SF1~SF6A>^0, #-9-7*7 4 -)V F (C« 
JES^6 t'-y h<0lIf-^CJ: 0 6 4^P<0*^S- 
ffd. ■9-7'7-f-^K*JSSFl~ SFe^tfO-fXf-f 

Mfrel^Jt^ (&M9it) iiSF 1 : SF2 : S 
F3:SF4:SF5:SF6*U :2:4:8: 1 
6 : 3 2lZ®MZtLX^2>. 
1 6. 7m st 

[0005 ] ±ie<59*n#l^iSIEi6^— Iryxtm^Z P 



BEST AVAILABLE COPY 



(3) 



nmiv-i i-s5 1 o i 



<&F S flttr&OtMfaP 4 t 4 . £ 

(Cj:i}ft£-f*tlft&-. IXTlZ&^Xii r Jifl*!6?l3j k 

T^4. 

t 0 0 0 6 ] *!±5PA(±. ZcoX 5 &KtlM£R&fPEE*- 
%>i>cr>b LT, - 2 6 3 3 9 S^fWf 

Sia<?5Bif6S!raillB<O-^l<O«l«0S:01 3(c^-f„ C 
O0»T«ft3tel$ISIJt# 1:2:4:4:8:8:1 

2 : i lorrf? 4->vvm&Li:t~>x\.^h. 

X 1 0 te 6 h' -y h ffi^T- 5 2 PVH0gg£ti3WHk& *JJE 
-$"4. "f^Ul 2ti4 t' y htB^-t'9Pfe b iracO^^|fg 
RGB7h'J?^14l3«RGBfif 
i^SRSfl-f-Y ( Y=0.30R+0.59G+0.11B) $r^£jS, 

L . ^a^^ •/ i^£;}<;*'>4 . WJSISB 2 0 
*i_kffl«0*ai $ ftfcM S mm k x y ^'S k (cfi-5'v>T . 

;l*iJ5&gK 2 2 
[0007] ^/i, U^HdtlJig»2 4«^-f 

-T4* W"<rt4«J£ig»2 2Ji«£EIIS2 0<0*te*S*a 

t/u^n^ajdiK 2 4 ■dftassiifcffKW'^fcae^ 
mcowm?- -9 tfvfrt* i 2 -c«ffls it «k a to** 

*&U 9** 4. 

[ 0 0 0 S ] ififc: J; -5-c . affii&tSKoiHMktf 

AflBflMS-tfc-tf-TVtt. 1 2 J: 3 IZ'*A * B 
»eM:W9#*.4. 
[0009] 

[ftnjitfWStLJ: o k -r4IJP.il] fl6*<0Bf««yilil»T' 

Sb$ oTSflMftS&O* t ■SflMfrl^'WlcflJ 9# 
£ 4 C k t^mX'h 4 . t A» L » %ffi(=ttJ§iratt$i»<£ 
fc*v^fH««,^r^CWO*x.T L£ o Zttfhh. 
%(DWMt LTli, 3&1 caffiftamMWSftC./'f 
Xa*-&£*lT:fe9, S»*ttttJll]»l 6**aWMW4* 

^ as 2 (cfiKtniHi wm. lx hxmwimtmx-im 

[ 0 0 1 0 ] ^cOck p -frTVtxJcflJ 9#;t £>ft 



ft wuJEwjAuca** $ i> of. ^±t'g? jasi 

f^Sritfiit-t 4r ^ xtu4 m^wmimmm,^ 
®-f&zb*UMti-&. 

[0011] 

ffiift^ffir . A* £ ix 4 Err^Kgpaw RGBllfi^^ 

^jSfl^t SrW l 9#i.Ttfi?j-r4^^ -v-tb . HuieA73 
R G B^A^*tf>7tSJj£ Jbm^iSSrJHi. 4K)^M^ 

*-t4r ; < xrvA mmmwcowmmm®mz}3\ ^x . 

MI^ ^ W«*J«fflfe:«!fiEA* RGB ff-^^ /!>«a«ptt 

[ 0 0 1 2 ] <r<0 J: d fc s S3e»ttJbT««(fta5«OBi; 

Hie J; 4 y >f XSrR&itTgi 4 . fS^ 2 tcSE®<5Dftq3 
Stcfcut, IME'^-WftMflWC, HuleA^RGBfi 

LXBrn^^m-mm^m-^, kg Bm&&** 
u mm— imzm^xmiim%vm£®&-t&. 

[0013] Z <K£ o HZ. miim&COBiL-h^-t^&iZ 

n Lxmm^m^ ^m-m^^M txmt mmm&~t 
htz#>. sjxmz? <)v?crmmt:±tfz>zb%:<. 
mimftWB&^mzmmnmx'Z . mamas*. 

m z mmmta l^v s s 4 xtz x^v^ 
xj\<7>wr)mi<?)imM¥Zffi±x£ 4 . mxm3 wea 

OftBWi. IS*JH 1 Xtt2SEtt<0r 4 X7U>f 

ifo . MiEF^ffl k it« lt m mm mta-t 4 . 
[0014] zcotztb. mz&ffftbfric&itLxmz 
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mm . imm 1 xit 2 sbbuot < xr v 4 mwmm.^ 

BI&S&HfiHS&fcfc v ^X , wisi^^W^m^eU. n?IEA 
& ft * U«EBf€ fi£ t Jtlic L T »Jj # fWfeie & tuf fEWffi fit t Jt 

[0015] zc7)?zib, m^mtmc>Mz^{tLx *>. 

miVMisW) ^ i&gtfiWM1)*g1>Hz£ -> X ESS 

V , BUie^ < >J*X<DiiiJ} RGB ff ^COl^ffflOHiJ 7 <f 

h* A> <b <ry$m (cgr? v tf: ffi^i £ 3?tf> ft M&ffiMZ- 
[0016] CtfoJ; M-^ynx]^<rmm<rmy 

ikT'#ft. 



[0 0 17] 

<7>Xl)MM%^\&*4 3 0 fctrTVN';*. 3 2t^^(; 

/^Wtf*J»a53 5«9RGB^ h U 
?*B|§3 6atffe«!iiSII!»3 8fcfl&te$*lft. 
[00 IS] ^^>-;U3 0ti, mi^^i-*D<Sf^$ 
*Uty-f y^JUPESg 3 0 a t tmfcfmVti 30bt*'ii 

ZiSE*ffljEll»3 2ai. MHWEIft 3 2 b i: . IA 
gJ£f!ilH]S&3 2 c i: . f-*S-£lH]i&3 2 d fc*^=S: 
§ . *mfifJOTfi , >-fyvU3 0ll 6 b">y hiti^JX' 

RGBft-f-tfo#iw^u y <.^t*5(ti. gtfy-y? < -/H* 

M^cOiEffiii, 02fc^-rieSfcl°lt-C*-l»fc<Oi:-r 
ft. S£oT, mfefc^OcOfSSFgiHIlis K/U0- 5 1 
*T'0 5 2PgtS-C , ib5. 

[0019]^-^ WtXSO^LTPDPJi'CjS^'C 
^SS^Sf^U^Wi. 6t'7 h{tJ^)T5 lT&ft. 

2 5 5T'fcft. iOfcft^ y4>lM»IIIK3 0a{;i\ A 
ififfi«fS#£$M Wiiy&5 1 X2*" 6 /2 5 5 = 2 0 4 



/ 2 5 5 SAt*-*-* „ iwjrM vffiftoftftlc J: 0 . f£ 
S<7)iSia)ri»iai&3 0 btcfewt . A*Hfia«'7^J« 

\zht^xw<^Wfm^=>^'tifX'^h. f"j. y-f 

^MW0»3 2b{i. HRWfcSsSS^ROlVL RAM 

mx'mm-i>z.twx'£&. 
[0020] miMiiiiffs 30bii ya yvmmh 3 

0 a Z-frLX'&hix&WmtmzM LXWMtmZ'iJ o 

yyU 3 0 <0**P^8»tt 5 2 h jtW, ^UtetStlSl 
»3 0b<J5aj*b*-yb»tt6Tft*. sJcSUfcWTJi. 
7Vn'X 3 2 (i . 4 f -y h %~))X' 9 ^^P&ifflScSr^S 
•?Z>i><Dt-?&. Zcr>*%-£. RGBfi#C0#^jeU'<JP 

[002 1 ] +;-7"/«3 2lCi3V">Tii. 0 — 8it?)9 

^. -7 s - y rco^is $• mmmvfo h if- . w mm± 0,1, 

3, 7, 1 l, . . . t^oTt^tc, J^ffcrtiittbnL 

^\ Lx\mm<ry$ttn&z%&'&wtfhz>. 

M^WEIII883 2 atli, ^<^J: o %®m$kW&£RO 
MXiiRA M f— 7frizt£iti Uv^. 
[0022] *rynx 3 2 LT P D P±T"f5^T§ 
6*iWflEl^m. 4t' 7 btti^-CSf fc^. X, A 
^HlSWI^S^Sl^/Wl, 8 1' 7 hA^T'2 5 5 
zntzfo. y^f>iBiJffl!IIlK3 2b<i s A^BfM 
ft-^kryM >f^S x2 8 "V255=1 28/255 

fi£tt!sli^ 6 2 3 Cfc Wf . A7Jfflfa^^«C*>Jt o 

ffS3 2b{±. HKB^SflL^ROM, RAM*t« 

[002 3 3 lA3gtttklElK3 2clt ^«JWIIK3 
2 b*r^-LT»feiifti!i«fS#fc:JtU-rSlili4akSrff d 

nx 3 2 co«*fe b P^{i 9 ft . Wm&Smn 3 
2 c Cottle t'-y h^{i4T'S)ft. T-^^HISI3 2d 
(i. +/7VN'X3 2(Ci3ttft®J!£U-'<.;l'S:. ^-fWU3 
0 tz&lf ft SMEl^^HcB^* « ft fctotcKtt ^tiX v> 
ft. t— ^ BE^0B 3 2dli. *HS6MT«« 1 ^)*D^ 
f-/^ROMXI±RA Mr—yjVTffifSL $ ixT v ^ 
ft. 

[0024] 
[SI] 
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[0 0 2 5] yf-EI»3 4tt. ;**«JS*U»»3 5 

fflot, X*lMt*«*t4 RG Bilf t« LT 
(i. R . G, BtT^^?teLT> > N o X^l730#i.A^T^ 
tth. Zcofztb. H-i*tRltSRGB«ft*-3T 

SIX B fl^-^^^^V « 3 2 SWt^o/t: 

[0 0 26] »S«ajS:tTa*&. 7^^b'#fi^ 
^ »J *«i6aS4: RGB 3^?tfi. LTttffi&ff 

Bvb'J^Hlift (RGBSUH^g) 3 6tcJ:0Y+I 

59G+0.11BT'S>S. 04 (A) , (B), (C)t~^ 

«#Y«4EI4 ( D ) J: -5 . 
[0027] SBRfcPD PT«*LTV^*«^, SEftUft 

^'•y Mi^T'ft&NTSC3ei8Tt-fe2Sr*b'^ I . 
QWC-Mfe^rS]^ I HWiQW(C«L 3fiWWt*£M 0 £ 
■C4>*VO*£. feUd^I til =0.60R-0.2SG-0.32 
BfcffitS$^TV^S. 

coo28] ^mmmx-it 3 m^rg Bfit*»«Y 

fcfeU I t?-&f$LLtzY+ I *CS3ftLTKl*«ai*tf 
9. «£Yfc-fei!IO£j£3WiRGB£iaa»&YIQ5£ 
ia^«0SJ«^^ Y)Vh%Lh Z. btfX'Z . Y+ I =0.90 
R+0.31G-0.2 Bfc&6„ J: 5 Y+ I IE-* 

com^m4 (E) tc^-r. sBBS«<oi«^ 

[0 0 2 9] fettiiiEB (fettaHMS) 3 8tiA^RG 



0 

1 

3 
7 

1 1 

! 9 

2 7 

3 9 
5 1 



*£fc, -5-iiSr^aj-f--S>. H5ttfi*MJIIIB3 8*>-* 
i£CTWo-y ^HSr^-r. HH*. t^^5 1, 5 2 
{i^-RGBfl-^fc^P -y 3 )V Y V^UT 1 b ZW&lZ 

SrjMtRL.. ■feU?7 , 5 2IJ^p7i'3;l'HU^Tl5: 
yW K;l/R2T1 cot # to— l^UDJtl#S*£dJ 

r<oaj^jfli#*iM«iai»6ot=«iftSit4. mm 

(,ZJzU7?53. 54{S#RGBff-f-tXL-y^3^H 

fx. -e»Jt«a&*5&%aiiB6 0fc:^Sii&. 
^1^7*55, 5 6 G Bf f >: X P 7 i/ 3 ^ H 1/ 

Kam* i I^Jllllf-&6 1 CftteSixS. i&Jfi0»6 O^ffi 
2U4itfllIIB6 1 Cffi*ftSii4. 
[0030] fftaiHK 60, 6 15^* UJttBBi>tJ±i& 

[003 1 ]***. i<0flSt*>#RGBfS-^<0±fflBtt* 

<Dmtaa^ia^ti&, ^ -y^4 2n-&,mta^2 
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LOSS* fit (IMS. WitfO) SraSiRUCvMXRft 

[0032] E6 a. aHc^ij&^.y j .inis&4oco- 

HMsWISrS^'^n -y ? HT'fc & . 06 >P, x -y v-^tBUI 
854 0 aa, H?i%«>fti<fftt3*ift: 1 HMffiHISSS 1 . 
8 2, 5I®|IIBS3. $3£@BS4, 85. 
86, 87, ffiAfi#;!i5l3B8 8. 89. «JEIslft9 

0 . 9 2. 9 3.$Lc/HnmiH]ff£ 9 2 «r*t * . Hl&fllHM* 
aJE]tf&6 4 3« % 0**>*D<#«3*i£: 1 VilSEEffS l 
2 1. 12 2. «gEB 1 23. 1 24. JfefchSIHIB 1 
2 5. 1 2 6.ai/'M-'hli^ailHlfP§ 127 SrW-TS . ft. 

lHiiA* mmm^co 1 *t^esbh * * u 1 v a a 

[0033]x 7 : Jt9l&®$&4 0 atcfc^t . *$ffin]B 
S 4 i±. Stt<?3A**f(£*^Yi: 2 H1»<?5A**ft^# 

Oi£*Ojft»tifi**«>4. ©Afffi&iilHlBSSa. »** 
ffiHIB 8 6 T^tf) hi\tzwmm<r> o *> . #1* IS& i> A£ 
V * 3 -30fft*«B*«aJ LTSftWEB 9 0 izftjj-t h . * 

a^fc^fcrr^iattfA;*! o . suhhb 9 o 

Oii!*t±!inJHllB9 2fc:aj*$iii. flM5u 5SaHHB8 

sa. AJ}umm^Y*wmmQ. <d> -cast-ao 

MJtBlBS 5«A*H«re#<9ffi*iSI«i£a-£:*tf> 
4. ^10K8 7iitt*IDlft8 5*»fe<?aS£^<0«y*<B 
«bMtttaJI3B8 9«. ^HtlUB 8 7 

(4. £W3jmzm&-tz>mx. y istmm-t &&&&&& 

-T & f&SSc// : A7j $ ixT S3 0 . SgEB 9 1 Offi^iio* 
0B9 2t-tti*$ii&. J0&IH1B9 2<oaj*«3H9:ig» 

[0 0 34] »*«WttHJiaB4 0bt:i5V^-c. MXG9 
B 1 2 3<±A*W«*#Y«|»«5^3 2 7 4 -/1/KJtffl] 
OS»**46T«yt*0»l 2 5taj*i-ft. «»IHB 

1 2 4 JiAfl»US«^Y<OB 9£3 2 7 U-A«!ia<0|| 
ftfrSATttttttEIKl 2 6 fctfctrT* . ffiot. 
fflEB 1 2 5a. iitt<5D7 -Y -iVYMWit 17 4—)V K 
J^i»OA^W0Efi^-Y^)||^ftStfl[&*«)Tik/h«l 
^UaUlB 1 2 7fctMrf *. «d5\ asWttEBl 2 6 

a. smew? 4 -yu vmmt 27 4->v HNgsmoAA 

JME(t#Y<^«-iOK*tffiSr*ftT#/hffi»iaJIil» 1 2 
7lctJb^i--g.. 4bMBMUSiaKl2 7U, SftfcHIEBl 

2 5, 1 2 6j&»6*D*e*t4!<*> 3 *>. fbhtta:ift#4Sr* 

■tm^t Lxim-tmnrnzi 3 1 tflBfrr*. ;y 



7 ■< -ii- H KOIrOno^ A 7j JSjEfl-f - Y «A tcov >T3< 
A . * Wn&frm» h XolzLX 

[ 0 0 3 5 ] ft. ^ffilHlB 1 25, 1 26 frWktl 

|51Ji.{f ( H v h/7 ^ -/PH ) T**. -l^IT. S»Sft 
a. WJ$S ( K7 1-/7 -f —/UK ) = Uli* (fi/h 
ffi) I > -5- { (U^/ 

[0036 ] ^lEUlB 1 3 1 a, ft/Jvfi^tiiEB 1 2 7 

ftT«^4-i:CJ: 0. H«*Wi6&W*-&v\ BP 
*>. KjSfiSriBiftl'r*. iI@SSl 3 1 T'iE^fb^ii 
^Ml«JUi. X-f ■y?-4 4£«4&Sil6. ^^7t4 4 

t'jiit^^nTtffii^ ftaflasr^iiniBfc y 7 ^ 

;i-^t 2<X7cLPF (o-yN°X7-<;u^) tX^&y 

EBa . y -f X^I4 L?tBmr- ^ $r h fcft 
tcIfta^ixTV^. (?i]i.a'. ffiffi+^BfrJgKfflrtfciJVi 

xxftwibv^vxruf . 1 M^ay-f xtfLttz 

co. ftoT, dcOid^^-CJi. MiJ^*0Bl 3 
2 Tttfcj* *f*Wta. MA.^a. #7-f 

m£*jffix-&z,. 

[0037] r>;K7;U7 /U^a. fijj^ Sr*"tB^<?3 
f-?»l/ ^A^A^T** 9 «!rlB»lLt«K»*»fc:*inEi- 

lotli^v^ -?-«rr. -rytf^A^-f/i^a. 86^ 
& ^-rB*^0r- ^ co U ^WiL-hTtP "3 2r BSPp'WELbifg 
^HctiiE-r i fc X\ P D P±c7)Bff ; <50^^5r ARI^ 

s commzizfoitx imB* < -t & . a «twta . 

•r>'^7/U7-f/U^a. M£j£&£E]B1 3 2^<>W4> 

1 3 3^tU7JtLr 2<JC7cLPF(Cffi»Sil4. 

T\ m%coW)ZM,tf*vlz%:r>x t>f->7t<:y)\s7 j il>7 

1 3 3*^aj*$^ssii=fta^*Hc^-r4. 

[00 3S] 2^7CLPF(i. \^C0W$kC0T-?*. 

zcommcown^-fiz&^xmEthz- tx\ h 
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±f*.-P4"9» 2&7CLPF 1 3 414. $J*S'i'2ft 

X4 -y^-3 4l,ZM4y;*.X3 0$:mtRZ-£. 8b & 
&tfmm*Mz.& k XA 4 IC^7V« 3 2 &8tt 

Stf 4 Jt 3 ^ 9»£**Sr£* LTX 4 v *■ 3 4 fctt 

[00 39] CiT. Kttttf|K>S£feAvvfei:ii. A 
&*s-£(4. y -f Xf&gy a )l>?cr,m%.Z±ii& ZtlzX 

?»*>*, »*«KSftaWfcJ> , ut tit a fc 

LTV*4 J: dSrHHFTCIi, »**>>M J: a 

[ o o 4 o ] BU^ suatcte 9 fi^-s- . m,&coom*<,z% 
m<r>*E tx ^&mw&mmx'% 5. mt*? iz&m ix 

v > & fllfe<0«WJ" k «feeo«# a*a mf 4S"C(4JSi 

<^Ti4. *»qBTJ4|llfe8Mi-*ttajL. *OilW>»» 

t£HJ£lifc(c J: & y -4 Xcomi £l*itT'# & . 
[004 1 ] 07 Jl*«^<oili«J!Bl$l!B<oa52Sllt« 
^t7 , o 7 ?it«6„ ilia*. 01 tffl— 8&8-fc« 

K»#^aiE]S84 ootu^-rsK^is-a^y-f 

*B*Sr B l7 4 7k? 4 4 IZmte LX . i <DD$£f§5]7 -f /l^ 
•y ^-4 2A'fet&!i;F»JS&3 8oaj*-*-ft«aj«-^C«k ->T 

f-4 2<?>iiiirt&W}%m.ifnm®884 6&tttt&h.*. 
[0042] 111 comi mmmx'Uxj 7 f4 2izx& 
w *)mL<r>mzs a xm*7 < >v? a a *m*tz#m% 
mtfmt>mz^t-t&<7)x\ t//u3 2T«yi3*i.& 

Mi«»Vn y ? #fc: 4 k 1 & #*, ±f 2 HJfi 
WT 14 y -f X|»*B#2Sia 7 ■< >V? 4 A%3kL1zWl% Mifi 
X4 2X'W*)W£L>tLXW%.®ft4 6 (CflWSfl 

-fr TV** 3 2 f j!|lI§ilS»li7'D y ?:R(C 

* k 4 & £ k < wmmix-mmzm^z. hti 
[0043] msit^mmmimmmscr>m3mmm 
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Japanese Unexamined Patent Publication (Kokai) No. 11-085101 
(English translation of paragraph numbers [0017] to [0053]) 

[0017] 

[EMBODIMENTS OF THE INVENTION] Figure 1 is a block diagram 
showing a first embodiment of the image processing circuit of 
the present invention. In the figure, input image signals of 
RGB colors are each supplied to a main path 30 and a sub path 
32, and also supplied to an RGB matrix circuit 36 and a color 
detection circuit 38 in a path switching control section 35. 
[0018] The main path 30 comprises a gain control circuit 30a 
and an error diffusion circuit 30b connected as shown in 
Figure 1. On the other hand, the sub path 32 comprises a 
distortion correction circuit 32a, a gain control circuit 
32b, an error diffusion circuit 32c, and a data matching 
circuit 32d. In this embodiment, it is assumed that the main 
path 30 represents 52 real gray scale levels with a 6-bit 
output. In this case, the arrangement of the light emission 
subfield periods for each luminance level of the RGB signals 
is assumed to be the same as that shown in Figure 2. 
Accordingly, the number of reproducible gray scale levels for 
each color is 52 from level 0 to level 51. 

[0019] The highest luminance level that can be displayed on 
the PDP via the main path 30 is 51 with a 6-bit output. On 
the other hand, the highest luminance level of the input 
image signal is 255 with an 8-bit input. Accordingly, the 
gain control circuit 30a multiplies the input image signal 
with a gain coefficient 51x2 8 " 6 /255 = 204/255 . As a result of 
the multiplication with this gain coefficient, the error 
diffusion circuit 30b at the next stage can apply error 
diffusion over the entire range of the input image signal. 
The gain control circuit 32b can be constructed from a 
conventional multiplier or from a RAM, a ROM, or the like. 
[0020] By applying error diffusion to the image signal 
obtained via the gain control circuit 30a, the error 
diffusion circuit 30b simulates intermediate gray levels, 
thus creating an illusion as if the number of gray scale 
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levels had been increased. In this embodiment, since the 
number of reproducible gray scale levels in the main path 30 
is 52 , the output bit count of the error diffusion circuit 
30b is 6. In this embodiment, it is assumed that the sub 
path 32 represents 9 real gray scale levels with a 4-bit 
output. In this case, the arrangement of the light emission 
subfield periods for each luminance level of the RGB signals 
is assumed to be the same as that shown in Figure 3 . 
Accordingly, the number of reproducible gray scale levels for 
each color is 9 from level 0 to level 8, 

[0021] The sub path 32 can represent gray scale in 9 steps 
from 0 to 8, but the amount of luminance does not increase 
equally, but increases unequally such as 0, 1, 3, 7, 11, and 
so on. As a result, a correction that is an inverse function 
of the display characteristic after the error diffusion must 
be applied to obtain a linear display characteristic as a 
whole. In the distortion correction circuit 32a, such an 
inverse function characteristic is stored in a ROM or RAM 
table. 

[0022] The highest luminance level that can be displayed on 
the PDP via the sub path 32 is 8 with a 4-bit output. On the 
other hand, the highest luminance level of the input image 
signal is 255 with an 8-bit input. Accordingly, the gain 
control circuit 32b multiplies the input image signal with a 
gain coefficient 8x2 8 "V255 = 128/255. As a result of the 
multiplication with this gain coefficient, the error 
diffusion circuit 623 at the next stage can apply error 
diffusion over the entire range of the input image signal. 
The gain control circuit 32b can be constructed from a 
conventional multiplier or from a RAM, a ROM, or the like. 
[0023] By applying error diffusion to the image signal 
obtained via the gain control circuit 32b, the error 
diffusion circuit 32c simulates intermediate gray levels, 
thus creating an illusion as if the number of gray scale 
levels had been increased. In this embodiment, since the 
number of reproducible gray scale levels in the sub path 32 
is 9, the output bit count of the error diffusion circuit 32c 



2 



is 4. The data matching circuit 32d is provided to match the 
luminance level in the sub path 32 to the luminance level in 
the main path 30. In the data matching circuit 32d, a table 
such as Table 1 shown below is constructed from a ROM or RAM 
table . 
[0024] 
[Table 1] 



Luminance level in sub path 


Luminance level in main path 


0 


0 


1 


1 


2 


3 


3 


7 


4 


11 


5 


19 


6 


27 


7 


39 


8 


51 



[0025] Based on the path select/switch signal supplied from 
a judging circuit 46 in the path switching control section 
35, a switch circuit 34 switches the path to be used in 
accordance with the input image signal. Accordingly, for the 
RGB signals constituting the input image signals, the path 
switching is performed for each of the R f G, and B colors 
independently of each other. Therefore, even in the case of 
the RGB signals for the same pixel, there can occur cases 
where, for example, the R signal is processed through the 
main path 30 while the G and B signals are processed through 
the sub path 32. 

[0026] Since motion detection requires the use of a field- 
by-field memory, if the detection is to be performed for each 
of the RGB signals independently of each other, the amount of 
circuitry will increase; in this embodiment, therefore, the 
RGB signals are converted into a Y+I signal by the RGB matrix 
circuit (RGB computing means) 36. The generation equation of 
the luminance signal Y is Y = 0.30R + 0.59G + 0.11B. When 
the RGB signals for color bar display shown in Figures 4(A), 
(B), and (C) are input, the luminance signal Y is as shown in 
Figure 4(D). 

[0027] When an image is actually displayed on a PDP, a 
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moving image false contour tends to become noticeable in 
flesh-tone color areas. This is because the human eye is 
particularly sensitive to colors. In the NTSC specification 
defining a color composite signal, between the I and Q axes 
expressing color differences the I axis in the direction of 
flesh-tone color is assigned a bandwidth three times that of 
the Q axis. The color difference signal I is defined as I = 
0.60R - 0.28G - 0.32B. 

[0028] In this embodiment , motion detection is performed by 
converting the three RGB signals to the Y+I axis combining 
the luminance Y and the color difference I. The generation 
equation of the luminance Y and the color difference I can be 
considered as a vector conversion from the RGB space into the 
YIQ space, and hence Y+I = 0.90R + 0.31G - 0.2B. The 
waveform of the Y+I signal thus computed is shown in Figure 
4(E). Here, yellow and red levels close to the flesh-tone 
colors to which the human eye is sensitive are increased, 
while the blue level to which the human eye is less sensitive 
is reduced. 

[002 9] The color detection circuit (color detecting means) 
38 detects a pixel from the input RGB signals if the pixel is 
in a color region where a false contour is likely to occur. 
Figure 5 shows a block diagram of one embodiment of the color 
detection circuit 38. In the figure, selectors 51 and 52 are 
preset so as to select each individual RGB signal and a 
threshold level Tl independently of each other, and the 
signals selected here are supplied to a comparator 57. For 
example, if the selector 51 selects the R signal, and the 
selector 52 selects the threshold level Tl, the comparator 57 
outputs a high level signal as the result of the comparison 
when R < Tl, and a low level signal when R ^ Tl, and the 
output signal is supplied to a logic circuit 60. Likewise, 
selectors 53 and 54 are preset so as to select each 
individual RGB signal and a threshold level T2 independently 
of each other, and the signals selected here are compared 
with each other in a comparator 58 which supplies the result 
of the comparison to the logic circuit 60. Further, 
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selectors 55 and 56 are preset so as to select each 
individual RGB signal and a threshold level T3 independently 
of each other, and the signals selected here are compared 
with each other in a comparator 59 which supplies the result 
of the comparison to a logic circuit 61. The output of the 
logic circuit 60 is also supplied to the logic circuit 61. 
[0030] Each of the logic circuits 60 and 61 ANDs and ORs the 
two inputs supplied from the comparators or the preceding 
logic circuit , selects either the result of the ANDing or the 
result of the ORing, and outputs the selected result. Which 
result is to be selected is predetermined by a select signal. 
In this configuration , when it is detected from the RGB 
signals that the pixel is in the color space region near the 
flesh-tone color where a false contour is likely to occur, a 
detection signal of value 1 is output. 

[0031] Alternatively, the color detection circuit 28 may be 
constructed from a ROM or the like in which value 1 is 
prewritten for each of the addresses in the color space 
region near the flesh-tone color, the addresses being 
designated by high-order several bits of each of the RGB 
signals. In this case also, when it is detected from the RGB 
signals that the pixel is in the color space region near the 
flesh-tone color where a false contour is likely to occur, a 
detection signal of value 1 is output. When the detection 
signal of value 1 output from the color detection circuit 28a 
is supplied to the control terminal of a switch 42, the 
switch 42 selects the amount of motion that a motion 
detection circuit 40 outputs; otherwise, that is, in the case 
of a color region such as blue where a false contour is not 
likely to occur, the switch 42 selects no motion amount 
(fixed value, for example, 0), and supplies the selected one 
to a noise elimination spatiotemporal filter 44. 
[0032] Figure 6 is a block diagram showing one example of 
the motion detection circuit 40 shown in Figure 1. In Figure 
6, an edge detection circuit 40a includes 1H delay circuits 
81 and 82, a delay circuit 83, subtraction circuits 84 and 
85, absolute value circuits 86 and 87, maximum value 
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detection circuits 88 and 89, multiplication circuits 90, 92, 
and 93, and an addition circuit 92, which are respectively 
connected as shown in the figure. A motion region detection 
circuit 643 comprises IV delay circuits 121 and 122, 
subtraction circuits 123 and 124, absolute value circuits 125 
and 126, and a minimum value detection circuit 127, which are 
respectively connected as shown in the figure. Here, 1H 
indicates one horizontal scan period of the input image 
signal, and IV indicates one vertical scan period of the 
input image signal. 

[0033] In the edge detection circuit 40a, the subtraction 
circuit 84 obtains the difference between the current input 
luminance signal Y and the input luminance signal Y two H's 
back, and the absolute value circuit 86 obtains the absolute 
value of the difference fed from the subtraction circuit 84. 
Of the absolute values obtained by the absolute value circuit 
86, the maximum value detection circuit 88 detects, for 
example, the three largest absolute values and outputs them 
to the multiplication circuit 90. The multiplication circuit 
90 is supplied with a coefficient that determines the 
sensitivity with which to detect a horizontal edge extending 
in a horizontal direction, and the output of the 
multiplication circuit 90 is supplied to the addition circuit 
92. On the other hand, the delay circuit 83 delays the input 
luminance signal Y on a pixel-by-pixel basis (D), and the 
subtraction circuit 85 therefore obtains the difference 
between pixels of the input image signal. The absolute value 
circuit 87 obtains the absolute value of the difference fed 
from the subtraction circuit 85. Of the absolute values 
obtained by the absolute value circuit 87, the maximum value 
detection circuit 89 detects, for example, the three largest 
absolute values and outputs them to the multiplication 
circuit 91. The multiplication circuit 91 is supplied with a 
coefficient that determines the sensitivity with which to 
detect a vertical edge extending in a vertical direction, and 
the output of the multiplication circuit 91 is supplied to 
the addition circuit 92. The output of the addition circuit 
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92 is supplied to the multiplication circuit 93 where it is 
multiplied with a coefficient that determines the edge 
sensitivity as a whole. The multiplication circuit 93 thus 
outputs a signal indicating the amount of edge, which is 
supplied to a division circuit 131 to be described later. 
[0034] In the motion region detection circuit 40b, the 
subtraction circuit 123 obtains the difference of the input 
luminance signal Y between two adjacent field periods and 
supplies it to the absolute value circuit 125. The 
subtraction circuit 124 obtains the difference of the input 
luminance signal Y between two adjacent frame periods and 
supplies it to the absolute value circuit 126. Therefore, 
the absolute value circuit 125 obtains the absolute value of 
the difference between the input luminance signal Y in the 
current field period and the input luminance signal Y one 
field period back, and supplies it to the minimum value 
detection circuit 127. On the other hand, the absolute value 
circuit 126 obtains the absolute value of the difference 
between the input luminance signal Y in the current field 
period and the input luminance signal Y two field periods 
back, and supplies it to the minimum value detection circuit 
127. Of the absolute values supplied from the absolute value 
circuits 125 and 126, the minimum value detection circuit 127 
supplies the smallest value as a signal indicating the amount 
of motion to the division circuit 131 described later. When 
non-interlaced scanning is employed, a difference may be 
detected between an odd-numbered field period and the even- 
numbered field period that follows , even when actually there 
is no motion in the image. Therefore, the difference is 
obtained between the input luminance signal Y in the current 
field period and the input luminance signal Y two field 
periods back as well as the difference between the input 
luminance signal Y in the current field period and the input 
luminance signal Y one field period back, and the amount of 
motion is obtained from the smallest value of their absolute 
values . 

[0035] The absolute value of the difference obtained from 
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each of the absolute value circuits 125 and 126 is, for 
example, in units of levels/field, and the amount of motion 
obtained from the minimum value circuit 12 7 is, for example, 
in units of dots/field. Here, the amount of motion is 
expressed as Amount of Motion (dots/field) = {((difference 

(minimum value) ( levels/field) | ) } + { | slope ( levels/dot ) | } . 

[0036] The division circuit 131 normalizes the degree of 
motion in the image, i.e., the amount of motion, by dividing 
the amount of motion obtained from the minimum value 
detection circuit 12 7 by the amount of edge obtained from the 
multiplication circuit 93. The amount of motion normalized 
by the division circuit 131 is supplied to the switch 44. 
The amount of motion selected by the switch 44 is supplied to 
the noise elimination spatiotemporal filter 44 which 
comprises an isolated point eliminating circuit, a temporal 
filter, and a two-dimensional LPF (low-pass filter). The 
isolated point eliminating circuit is provided to eliminate 
isolated image data such as noise. For example, if, in a 
given region within the image, only one pixel is in motion 
while its surrounding pixels do not exhibit any motion, that 
one pixel can be regarded as noise, and in such cases, the 
isolated point is eliminated by the isolated point 
eliminating circuit 132. More specifically, the amount of 
motion of each pixel in each line is compared with a 
threshold value, and any pixel whose amount of motion is 
smaller than the threshold value can be eliminated as an 
isolated point by regarding it as a non-moving pixel. 
[0037] The temporal filter is provided to correct the 
falling of the level of motion-exhibiting pixel data so that 
the level falls mildly along the time axis. For example, 
when a particular pixel within the image, which is in motion, 
stops abruptly, its motion does not appear stopping 
immediately to the human eye because of the persistence of 
human vision, etc. even though that particular pixel has 
stopped when seen in terms of the image data. Therefore, the 
temporal filter corrects the falling of the level of the 
motion-exhibiting pixel data so that the level falls mildly 
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along the time axis, thereby making the image displayed on 
the PDP match the characteristics of human vision, thus 
reducing the unnaturalness of the image. In a specific 
method, the temporal filter obtains the maximum value from 
the amount of motion obtained from the isolated point 
eliminating circuit 132 and the value read out of the memory 
described later, multiplies the maximum value with a 
coefficient smaller than 1, and stores the result in the 
memory. The obtained maximum value is output from the 
temporal filter 133 and fed to the two-dimensional LPF. That 
is, since the amount of motion stored in the memory decreases 
little by little, the amount of motion being output from the 
temporal filter 133 decreases mildly even when the actual 
amount of motion has dropped to zero. 

[0038] The two-dimensional LPF corrects data of one pixel 
based on the data of its surrounding pixels, and thereby 
averages the pixel data within a certain range to prevent 
only one pixel from showing a level extremely different from 
the levels of its surrounding pixels. That is, the two- 
dimensional LPF 134 corrects the amount of motion in two- 
dimensional space. The judging circuit 46 controls the 
operation of the switch 34 by supplying the switch 34 with a 
switching signal that causes the switch 34 to select the main 
path 30 when the amount of motion supplied from the noise 
elimination spatiotemporal filter 44 is not larger than a 
predetermined threshold, but that causes the switch 34 to 
select the sub path 32 when the amount of motion exceeds the 
threshold. 

[0039] Here, colors where false contours become noticeable 
are flesh-tone colors for which the human visual sensitivity 
is high; on the other hand, colors for which the human visual 
sensitivity is low are blue colors. If the image signal of 
the original image itself contains noise, the problem can be 
solved by increasing the sensitivity of the noise elimination 
filter, but this in turn reduces the motion region, resulting 
in an inability to cover the target region where the false 
contour is occurring. To give a specific example, in a scene 
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where a person is moving against the background of a blue 
sky, if the sensitivity is set so as to eliminate noise in 
the background, the motion region of the moving person will 
be reduced. 

[0040] If an RGB computing circuit is used such that the 
signal used for detection becomes maximum for flesh-tone 
colors and minimum for blue colors, the region where the 
false contour is occurring can be identified without much 
increasing the sensitivity of the noise elimination filter. 
For the phenomenon in which, when there are a flesh-tone 
color portion and a blue color portion that are moving in 
like manner, a false contour is noticeable in the former but 
is not noticeable in the latter, the present invention 
detects the flesh-tone color region and performs motion 
detection only in that region, while outputting a value 
indicating no motion in the blue color region, so that, for 
the blue color region, the path is prevented from being 
switched to the sub path, thus preventing the occurrence of 
noise due to error diffusion. 

[0041] Figure 7 is a block diagram showing a second 
embodiment of the image processing circuit of the present 
invention. In the figure, the same constituent elements as 
those in Figure 1 are designated by the same reference 
numerals, and the description thereof will not be repeated 
here. In Figure 7, the motion amount output from the motion 
detection circuit 40 is directly supplied to the noise 
elimination spatiotemporal filter 44, and the motion amount 
output from the noise elimination spatiotemporal filter 44 is 
supplied to the switch 42. The switch 42 switches between 
the above motion amount and the no motion amount in 
accordance with the detection signal output from the color 
detection circuit 38, and the motion amount output from the 
switch 42 is supplied to the judging circuit 46. 
[0042] In the first embodiment of Figure 1, since the motion 
amount is passed through the noise elimination spatiotemporal 
filter 44 after being switched by the switch 42, the motion 
amount changes smoothly, and as a result, the pixel regions 
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processed in the sub path 32 are grouped in the form of a 
block; on the other hand, in the second embodiment, since the 
motion amount passed through the noise elimination 
spatiotemporal filter 44 is switched by the switch 42 and 
supplied to the judging circuit 46, the pixels processed in 
the sub path 32 are less likely to be grouped into a block, 
and the switching is strictly performed on a pixel-by-pixel 
basis . 

[0043] Figure 8 is a block diagram showing a third 
embodiment of the image processing circuit of the present 
invention. In the figure, the same constituent elements as 
those in Figure 1 are designated by the same reference 
numerals, and the description thereof will not be repeated 
here. In Figure 8, the motion amount output from the noise 
elimination spatiotemporal filter 44 is supplied to judging 
sections 140 provided one for each of the RGB colors. Each 
judging section 140 comprises a gray scale change detection 
circuit 142, an adder 144, and a judging circuit 146. 
[0044] As shown in Figure 9, the gray scale change detection 
circuit (weight computing means) 142 comprises a conversion 
table 148 which is accessed by using as addresses the output 
gray scale data from the main path 30 and the gray scale data 
of the immediately preceding field stored in a field memory 
146. In the conversion table 148, weights are prewritten as 
shown in Figure 10 in such a manner that, when the gray scale 
data changes over one field period, the weight value becomes 
large if the change is such a change that tends to cause a 
false contour, but the weight value becomes small if the 
change is such a change that does not tend to cause a false 
contour . 

[0045] The weight value output from the gray scale change 
detection circuit 142 is added to the motion amount in the 
adder 14, and the result is supplied to the judging circuit 
146. The judging circuit 146 compares the weighted motion 
amount with a predetermined threshold value and, if it 
exceeds the threshold value, generates a switching signal for 
selecting the sub path 34 and supplies this signal to the 
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switch 34 for switching. Since a false contour tends to 
occur in pixels where the gray scale changes slightly, weight 
values are set by detecting such gray scale changes that tend 
to cause a false contour; accordingly, in the third 
embodiment, the occurrence of a false contour can be 
prevented with higher accuracy. 

[0046] Figure 11 is a block diagram showing one embodiment 
of a display driving apparatus to which the image processing 
circuit of the present invention is applied. The display 
driving apparatus roughly comprises, in addition to the image 
processing circuit 150, a light emission time control circuit 

151 and a PDP driving circuit 152. The PDP driving circuit 

152 roughly comprises a field memory 153, a memory controller 
154, a scan controller 155, a scan driver 156, and an address 
driver 157. For convenience of illustration, in Figure 10 
the PDP 158 is shown inside the PDP driving circuit 152. 
[0047] The light emission time control circuit 151 is 
supplied with the RGB signals from the image processing 
circuit 150, converts them into data indicating the times and 
the subfields for light emission to achieve desired gray 
scale levels, and supplies the converted data to the PDP 
driving circuit 152. The converted data is written to and 
read from the field memory 153 under the control of the 
memory controller 154. The address driver 157 drives the PDP 
158 based on the data read from the field memory 153. The 
scan controller 155 controls the driving of the PDP 158 by 
controlling the scan driver 156. When the PDP 158 is driven 
by the scan driver 156 and the address driver 157, a wall 
charge is formed on each pixel to be activated for light 
emission in each subfield, and sustain (light emission) 
pulses are generated. 

[0048] 

[Effect of the Invention] As described above, according to 
the invention described in claim 1, there is provided an 
image processing circuit for use in a display driving 
apparatus that expresses luminance by varying light emission 
time length, comprising: a main path which generates, from an 
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input RGB signal with a prescribed number of gray scale 
levels , an RGB signal with a reduced number of gray scale 
levels; a sub path which generates an RGB signal with a 
smaller number of gray scale levels than the main path; a 
switch which outputs the signal generated by the main path or 
the signal generated by the sub path by switching 
therebetween; and a path switching control section which 
detects a motion region whose amount of motion obtained from 
the input RGB signal exceeds a predetermined value, and 
which, in the detected motion region, switches the switch 
from the output of the main path to the output of the sub 
path, and wherein: the path switching control section 
includes a color detecting means for detecting from the input 
RGB signal a color space region where a false contour is 
noticeable because of human visual characteristics, and the 
switching from the output of the main path to the output of 
the sub path is effected when the motion region is detected 
when the color detecting means has detected the color space 
region where the false contour is noticeable. 
[0049] In this way, since the path is switched to the sub 
path only when the motion region is detected in the color 
space region where the false contour is noticeable because of 
the human visual characteristics, switching to the sub path 
does not occur when a motion is detected in a color space 
region where the false contour is not noticeable; this serves 
to prevent noise due to the error diffusion resulting from 
the switching. In the invention described in claim 2, the 
path switching control section of the image processing 
apparatus in the display driving apparatus described in claim 
1 includes an RGB computing means for generating a single 
signal having a high sensitivity to a color where the false 
contour is noticeable because of the human visual 
characteristics, and the motion region is detected by using 
the single signal. 

[0050] In this way, since the motion region is detected by 
generating a single signal having a high sensitivity to a 
color where the false contour is noticeable, the region where 
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the false contour is noticeable can be identified without 
increasing the sensitivity of the noise elimination filter, 
while on the other hand, a region where the false contour is 
not noticeable is not detected; this serves to prevent 
erroneous switching to the sub path due to noise. In the 
invention described in claim 3, the path switching control 
section of the image processing circuit in the display 
driving apparatus described in claim 1 or 2 determines that 
the amount of motion obtained from the input RGB signal is 
valid only when the color detecting means has detected the 
color space region where the false contour is noticeable and, 
after applying noise elimination filtering to the amount of 
motion thus determined as valid, the amount of motion is 
compared with the predetermined value to detect the motion 
region . 

[0051] As a result, the amount of motion changes smoothly, 
the motion regions being grouped in the form of a block, and 
the frequency of switching from the main path to the sub path 
can thus be reduced. In the invention described in claim 4, 
the path switching control section of the image processing 
circuit in the display driving apparatus described in claim 1 
or 2 applies noise elimination filtering to the amount of 
motion obtained from the input RGB signal, determines that 
the amount of motion thus filtered is valid only when the 
color detecting means has detected the color space region 
where the false contour is noticeable, and compares the 
amount of motion thus determined as valid with the 
predetermined value to detect the motion region. 
[0052] As a result, while the amount of motion changes 
smoothly, the switching from the main path to the sub path is 
strictly performed on a pixel-by-pixel basis according to 
whether or not the detected region is the color space region 
where the false contour is noticeable. In the invention 
described in claim 5, the image processing circuit in the 
display driving apparatus described in any one of claims 2 to 
4 includes a weight computing means for obtaining a weight 
value based on a gray scale change from the previous field 



14 



detected in the output RGB signal of the main path, and the 
path switching control section weights the amount of motion 
with the weight amount, and compares the weighted amount of 
motion with the predetermined value to detect the motion 
region . 

[0053] In this way, based on the gray scale change from the 
previous field detected in the output RGB signal of the main 
path, a large weight value is generated in the case of a 
change that tends to cause a false contour, and the amount of 
motion is weighted with the thus generated weight value; as a 
result, when a change occurs that tends to cause a false 
contour, the change can be easily detected as representing a 
motion region, and the switching to the sub path is effected 
to prevent the occurrence of a false contour in the motion 
region . 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent noise occurrence by a diffusion 
error by switching main bus output to sub-bus output when a movement 
region is detected in detecting the conspicuous color space region of a 
pseudo contour by a color detecting means. 

SOLUTION: The color detecting circuit 38 detects the color region where 
the pseudo contour is liable to appear if the pixels of input RGB signals 
exist in the region from these signals. A switch 42 selects the movement 
quantity outputted by a movement detecting circuit 40 when the detection 
signal of the value I outputted by the color detecting circuit 38 is supplied 
to a control element. The switch selects the movement quantity (fixed 
value, for example, 0) of the absence of the movement and supplies the 
same to a noise removing space filter 44 in other times, i.e., in the color 
region of blue, etc., where the pseudo contour hardly appears. A decision 
circuit 46 forms such a changeover signal as to instruct the switch 34 to 
select the main bus 30 when the movement quantity supplied from the 
noise removing space filter 44 is below the prescribed threshold and to 
instruct the switch 34 to select the sub-bus 32 when the movement 
quantity exceeds the threshold. The change over is executed by supplying 
the signal to the switch 34. 
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